Abstract: This paper computationally visualizes two phase flow patterns through a horizontally placed hydro philic or hydrophobic rectangular channel with an abrupt contraction. The rectangular duct used in this study has a thickness narrower than the Laplace constant so that the surface tension governs the fluid system rather than the inertia force. In particular, the computed bubble behavior at the abrupt contraction seemed to be a similar nature against the preliminary experimental result. 
I Introduction
Twophase flow in a channel is an intriguing issue to control flow systems in complicated piping geometries of nuclear energy plant and steelmaking plant, etc. To design such twophase flow systems, we need to investigate the influence of abrupt change of a duct area, i.e., abrupt expansion and contraction. The influence of the abrupt expansion has been investigated in the coupled study [1] , and so the investigation on the abrupt contraction is required. In particular, a narrow thickness of the rectan gular duct affects the nature of the twophase flow, i.e., if the duct height (not a hydraulic diameter) would be smaller than the Laplace constant
L G g σ r r − , the surface tension governs the fluid system rather than the inertia force. Here, r L and r G are the densities of liquid and gas, σ the surface tension and g the acceleration due to gravity. Similar to the associated study [1] , the present setting of the duct thickness is 2 mm which is smaller than the calculated Laplace constant of about 2.7 mm in the present situation.
As the preliminary step, this paper computationally visualizes twophase flow patterns through an abrupt contraction of a hydrophobic or hydrophilic rectangular duct with the narrow thickness.
II Computational procedure
The FLUENT numerical code ver. 6.2.16, a commercially available CFD software package, was employed for all numerical predictions on Intel Core 2 Quad 2.66 GHz pro cessor with 3.25 GB RAM. GAMBIT 2.2.30 was employed for the establishment of the threedimensional computational grid. The detailed description about the actual setting of the FLUENT code is given in the associated study [1] .
The computational grids were made up of struc tured elements and a total of 100,320 cells were employed for a given flow domain in the millimeterscale rectan gular channel with the thickness of 2 mm (see Fig. 1 ). The superficial velocities of water (denoted by j w ) and air (denoted by j g ) were given at the left side surface having 50W × 2H mm (W and H indicate the width and height of the channel, respectively) and at the circular hole nozzle having φ5 mm diameter on the bottom surface at 22.5 mm from the left side wall, respectively (see Fig. 1 ). Similar to the associated study [1] , the mixed twophase flow injected from the inlets passes through the section of the abrupt contraction and ends up outflowing from the computa tional domain. At the right side surface the total pressure was enforced to converge to the gauge pressure. In the present computation, two sets of superficial velocities were selected against two values of the equilibrium contact angle θ c as shown in Table I . In the present situa tion, the flow behaves as a laminar. Similar to the associ ated paper [1] , the wettability is called poor for θ c ≥ 90° whereas called good for θ c < 90°. Figure 2 shows a comparison of flow patterns downstream of a circular hole nozzle, between cases (I) and (II), where the first bubble passes through the contraction. Although the superficial velocity j g affects the flow patterns upstream of the contraction, the bubble behavior downstream of the contraction seems to be similar between cases (I) and (II). For reference, preliminary experimental result [2] using a longer rectangular duct with the same contraction ratio is displayed in Fig. 3 , although unfortunately the values of j g and j w are not the same ( j g = 5 cm/s and j w = 10 cm/s). In spite of the difference in the flow rate condition, the bubble behavior at the abrupt contraction seems to be very similar between Fig. 2 (a) and Fig. 3 , and this compu tation would be valid. Figure 4 shows a comparison of flow patterns down stream of a circular hole nozzle, between cases (III) and (IV), under the hydrophobic condition. As seen in Fig. 4 (a), the flow pattern is very similar to the hydrophilic case of Fig. 2 (a) under the low airflow rate condition. In the high airflow rate of Fig. 4 (b) , the injected air and water phases are completely mixed upstream of the contraction, and therefore the flow pattern seems to be mixed as well downstream of the contraction. This mixed flow is caused by the fact that the injected bubbles attach on the poorly wetted wall and break off into many parts.
III Results

IV Concluding remarks
This paper implemented the FLUENT computation and demonstrated twophase flow patterns through a hori zontally placed hydrophilic or hydrophobic rectangular channel with an abrupt contraction. The rectangular channel used in this study has a thickness narrower than the Laplace constant of this target system. In particular, the computed bubble behavior around the abrupt contrac tion seemed to be a similar nature against the preliminary experimental photograph (but not the same condition). In the computational results, the injected bubbles attach on the poorly wetted wall and break off into many parts, although they behave like slug bubbles for the wetted wall.
In near future, we intend to carry out the correspond ing experiment to exactly validate the present computa tion and investigate more detailed phenomenon.
